S udden unexpected nocturnal death syndrome (SUNDS) occurs predominantly in Southeast Asia, and the young healthy victims are struck by unexplained deaths during nocturnal sleep. The predilection time implies that the balance of the autonomic nervous system is associated with arrhythmogenesis. Mongkonsiri, et al. reported that healthy subjects with a family history of SUNDS showed blunted responsiveness to cold pressor testing and steady exercise during the nighttime, 1) indicative of decreased sympathetic and increased parasympathetic nerve activity. Regarding the autonomic imbalance in patients with Brugada syndrome, a disease relevant to SUNDS, inconsistent results have been reported. Some papers have revealed that adrenergic dysfunction was observed in diseased groups, while others reported no differences in heart rate variability.
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2) However, Brugada syndrome and SUNDS are regarded as different diseases in that the latter is more likely a multifactorial disorder caused by both intrinsic pathogenic genes and external environmental factors.
3) Various factors implicated with susceptibility to SUNDS, including diet, lifestyle, and work intensity could contribute to the tuning of the autonomic nervous system rather than the direct effects of genetics, as previously reported.
4)
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Blunting of autonomic reflex by repeated stimuli is not necessarily considered an adaptive response. An acute physiological response to cold exposure is peripheral skin vasoconstriction which results in a reduction in skin blood flow. The afferent neural signaling pathway of cold stress traverses through the spinal cord to the preoptic area of the hypothalamus, with efferent signals traveling from the brain through the intermediolateral cell column of the spinal cord and to sympathetic nerves innervating cutaneous blood vessels. However, chronic cold exposure gradually leads to an attenuated vasoconstrictor response. 5) These habituation effects are unfavorable for the maintenance of body temperature, although the specific physiological mechanisms underlying the blunting of shivering and vasoconstrictor responses to cold exposure remain elusive.
Alteration of the set point for adrenergic and vagal outflow is observed in other cardiovascular disorders as well. Consequential excessive sympathoexcitation and vagal nerve withdrawal worsen the cardiac pathological conditions. For example, in heart failure due to impaired left ventricular function, attenuated heart rate variability and an impaired reflex vagal response to a rise in blood pressure occur, and the degree of baroreflex desensitization has been considered a prognostic factor for negative outcomes in patients with heart failure. 6, 7) Chemical ablation of cardiac sympathetic afferents exhibits protective effects against deleterious cardiac remodeling in heart failure. 8) However, several experiments confirmed that the baroreceptor nerve input itself was not diminished in human heart failure and the baroreflex was responding appropriately to perceived decreases in stroke volume or blood pressure by eliciting sympathetic activation.
9,10) Increasing evidence of parasympathetic-sympathetic imbalance in heart failure rather focuses on the modulation of the central nervous system.
11)
The dorsal medial nucleus of the tractus solitarius (dmNTS) in the brainstem comprises the primary central termination of baroreceptor and cardiac mechanosensor afferents (Figure) . Subsequently, glutamatergic neurons in the NTS relay the baroreceptor input to GABAergic neurons in the caudal ventrolateral medulla (CVLM) and they inhibit neurons in the rostral ventrolateral medulla (RVLM), which regulate the tonus of sympathetic nerves as vasomotor center, to reduce sympathetic nerve activity. 12) Inputs from the NTS also transmit to the paraventricular nucleus (PVN) of the hypothalamus, and the PVN integrates autonomic responses with information from the forebrain such as the cerebral limbic system. Meanwhile, sympathetic afferents from cardiac chemoreceptors project to the vasomotor center of the brainstem and thalamus via the spinal cord.
It has been reported that the brain renin-angiotensin system (RAS) is activated in experimental chronic heart failure models. Expression of angiotensin II type 1 receptors (AT1R) increased in the NTS and RVLM of heart AUTONOMIC NERVE DYSFUNCTION IN CARDIAC DISEASES
Figure.
Neural circuits involved in autonomic nervous system in heart failure. Baroreceptor nerve inputs transmit to the vasomotor center in the brainstem, where the tonus of sympathetic nerves is set down after integration with information from the forebrain.
failure models via c-fos, p38, and ERK1/2 pathways, and augmented aldosterone was also shown to contribute to increased AT1R levels. 13 ) Upregulated AT1 signaling activates both the transcription factor activator protein-1 (AP-1) and NAD(P)H oxidase.
14) AP-1 regulates inflammatory cytokines and NAD(P)H oxidase is implicated in the generation of reactive oxygen species (ROS). This modulation of the brainstem in heart failure is supported by the evidence that AT1R antagonists blocked the cascades. In the PVN as well, heart failure leads to AT1R expression at higher levels and upregulated RAS signaling, which induces inflammatory cytokines, activates NAD(P)H oxidase to increase oxidative stress, 15) and impairs neuronal nitric oxide synthase (nNOS). NO production in the PVN has sympatho-inhibitory effects coupled with an increased expression of GABA and inhibitory action of glutamate, 16) while ROS enhances excitatory inputs through increasing glutamatergic and decreasing GABAergic transmission. Although accumulating evidence indicates a key role for inflammation in the sympathoexcitatory response, the direct underlying mechanism of the linkage has yet to be fully elucidated. Localized inflammatory cytokine expression activates microglia in the PVN, 17) brain perivascular macrophages, 18) and astrocytes in RVLM. 19) These histo-logical remodelings could contribute to a shift of the set point. Structural alterations also occur in downward neural circuits. Inflammatory cytokines were induced in stellate ganglia and dorsal root ganglia after the acute phase of myocardial infarction, and highly elevated apoptotic activity and at the same time nerve sprouting and hyperinnervation were observed after chronic myocardial infarction. 20, 21) Numerous studies have explored the pivotal roles of brain RAS, NO, and inflammatory cytokines in the abnormal regulation of autonomic nerve activity in heart failure. Over a decade, new technologies including optogenetics and single cell transcriptomes have enabled further findings in the field of neuroscience. It has been only recently clarified that the mechanically activated ion channels PIEZO1 and PIEZO2 are together identified as aortic baroreceptors. 22) The relationship between cardiovascular diseases and autonomic imbalance should be examined in greater detail in the future.
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